Abstract. The energy-loss spectrum of high energy muons after traversal of a 10 meter iron degrader has been measured with an accuracy of better than 1%. Data taken at energies between 50 and 120 GeV are in agreement with predictions from a Monte Carlo program based on the most recent theoretical descriptions of all relevant processes. The stopping power calculated by this program deviates up to several percent from earlier calculations.
Introduction
The mathematical descriptions of processes contributing to the slowing down of relativistic muons in matter were first formulated in the 1930's, and have been steadily refined since. The tables by RichardSerre [1] , which have become the standard reference for the stopping power of fast muons, are based on the theoretical "state of art" of the 1950's. The calculations were in good agreement with cosmic ray data, though experimental accuracy was only at the level of several percent. As high energy muon beams have become available in the laboratory, improved energy loss calculations can now be compared with high precision data.
* Supported by BMFT
The experiment presented here has been performed in 1980 as an auxiliary measurement to the NA4 experiment [2] at the CERN SPS muon beam, which investigates deep inelastic muon scattering with a magnetized iron spectrometer and requires a precise knowledge of the energy loss. Furthermore, for the measurement of a #+/#-cross-section asymmetry [3] , the difference in energy loss for positive and negative muons was of particular interest.
Experimental Set-up
The apparatus used for this experiment was made up from several preexisting detectors, which explains some peculiarities in the set-up shown in Fig. 1 . Its elements performed the following functions: i) A vertical bending magnet of 24mrad in the muon beam line before the experimental area served, together with a set of 4 scintillation hodoscopes (H 1 to H4), as the momentum analyzer for the incoming muons; it is referred to as BMS (Beam Momentum Spectrometer) in the following.
ii) Two mosaic-structured hodoscopes (H5 and H6) established together with a 20cm x 10cm scintillation counter (S1) the trigger requiring a threefold coincidence within 20 ns.
iii) The degrader, i.e. the material in which the energy loss was to be measured, was placed between H5 and H6. iv) The muon momentum after the degrader was measured by the End Spectrometer (ES) which comprised a two-element horizontal bending magnet with a 40 cm wide, 14 cm high gap and a maximum bending power of 7.9 Tm. The magnet was fieldmapped over its entire active volume for the five operating fields, representing a total SBdl of 4.1, 5.1, 6.3, 7.1 and 7.9Tm. The precision achieved on the SBdl was better than 10 .3 . The hodoscope H7, measuring the horizontal coordinate, defined in combination with H6 the track of the incoming muon. Three small (27 cm x 27cm) and one large (200cmxl00cm) MWPC (C1-C4), all with 2mm spaced vertical wires, gave the direction of the deflected muon.
Data Taking
For the bulk of the data a 930 cm long, 15 cm diameter iron cylinder (p=7.84 g/cm 3) served as degrader; about 5% of the data were taken with two NA4 "carbon"-targets (70 % C, 30 % B; total length 10m) as degrader. A total of 4.106 events was recorded with both positive and negative beams of 50, 65, 110 and 120 GeV muons. The momentum spread of the incident muons was typically 10% FWHM. The intensity was kept at 2-3-l0 s muons per second to reduce accidental background.
To minimize the systematic errors due to chamber inefficiency and field calibrations in BMS and ES, data were collected at each beam polarity and momentum in sequences of different bending powers in the ES (four values at 50 and 65 GeV, three values at 110 and 120 GeV). For a fixed setting of the BMS three such sequences of measurements were performed, where the degrader was in the beam for the second one only. The other two, without degrader, served to intercalibrate BMS and ES and to control the stability of the measurement set up with time.
Analysis
Cuts were applied to remove ambiguities from the reconstruction of the muon tracks. A time isolated track with a single hit in each of the hodoscopes was required before the ES; its straight line extrapolation to the fictitious center of the ES magnet had to match the outgoing track as defined by the MWPC within 2 cm. For the latter a single cluster in at least 2 of the 3 small MWPC had to fit, together with a cluster in the large MWPC, a straight line with a good Z 2.
The momentum of the muon after the degrader was calculated using a parametrization in "principal components" [4] , derived from a Monte Carlo simulation of all possible muon paths through the ES field. In a similar way the momentum of the beam muon before the degrader was determined using directly the coordinates of the elements hit in the BMS hodoscopes.
Monte Carlo
Since the energy loss distribution extends all the way up to the incident energy E~ (corresponding to zero outgoing energy), while the ES has a limited momentum acceptance, our data cannot be used to give any absolute number such as the (integral) stoppingpower. They rather serve to test a representation of the energy loss, in its differential form, by a Monte Carlo (MC) simulation. The Monte Carlo program used, which will be described elsewhere [5] in detail, tracks individual muons stepwise through a given material. At each step elementary processes, with an energy transfer above a certain threshold, are randomly generated according to their probability distribution.* Discrete interactions of the following type are simulated above the respective "randomization" thresholds: >0.005 Eu (iv) Nuclear interaction [9] >0.01 E,.
All contributions below these thresholds have been integrated, including the ionization as de-* Differential cross-sections were taken from quoted references.
A compilation can also be found in [111
